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Abstract 
EFFECTS OF TEMPERATURE ON CALCIUM UPTAKE IN 
BOSSIELLA ORBIGNIAIVA ORBIGNIANA 
by Carolyn M. Thomas 
The effect of temperature on calcification in Bossiena 
orbigniana orbigniana (DeA2aisne, 1842) [Manza, 1940; Silva, 1957] 
• (Corallinaceae) was studied using calcium-45 labeling of terminal 
segments under laboratory conditions. B. orbigniana has optimum 
calcium uptake for the temperatures 17-21°C within a temperature 
range of 3-37°C. These results suggest that optimum calcification 
in B. orbigniana should take place from late spring to early 
autumn.values for 3-21°C averaged 3.39 indicating an enzyme-
governed reaction. It is proposed that thallus growth rate and 
calcification are not directly related. it is believed that the 
. optimum temperatures (17-21°C) affect the enzymes towards an increase 
in the rate of calcification and perhaps the rates of photosynthesis 
and respiration. 
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INTRODUCTION 
• A number of plants and animals are able to deposit calcium 
carbonate, and their skeletal remains are important in the formation 
of some sedimentary rocks, "coral" reefs, and sands. The divisions 
of marine algae which have the ability to deposit a calcareous 
skeleton include the Cyanophyta, Chrysophyta, Chlorophyta, Rhodophyta, 
and Phaeophyta. The Cyanophyta, Coccolithophoridaceae (Chrysophyta), 
and Cryptonemiales (Rhodophyta) deposit calcium carbonate in its 
hexagonal-rhombohedral form as calcite while the Chlorophyta, Phaeophyta, 
and Nemalionales (Rhodophyta) deposit calcium carbonate in its 
orthorhombic form as aragonite. 
The calcareous algae are of geological and .biological importance 
as builders of limestones and members of the reef community. The 
crustose and articulated coralline algae compose the family Corallinaceae 
within the order Cryptonemiales. While crustose Corallinaceae are said 
to be the major binding agents in limestone rock and reef formation 
(Johnson, 1961), the articulated Corallinaceae may contribute 8-10% 
to limestone rock (Johnson, 1961) and sand formation (Revelle and 
Fairbridge, 1957; Stark et al., 1969). Goreau (1963) states that 
70% of the total calcium carbonate in reef systems is in the form 
offine sand deposited in beds adjacent to the living reef frame and 
containing a significant amount of Corallinaceae deposits. The 
extinct calcareous algal family, Solenoporaceae, represents the 
calcareous red algae in Paleozoic deposits, while the majority 
of the Recent genera are also found in the Upper Cretaceous 
(Johnson, 1960). The Corallinaceae are not only important today, 
but have been significant contributors to rock and reef formation 
in the past. 
Borowitzka et al. (1974) divide the calcareous algae into 
three groups according to the organization and the site of for- 
' mation of calcium carbonate deposits. The Coccolithophoridaceae 
show the highest degree of organization by producing their sculptured 
plates on an organic base plate within the golgi cisternae. The 
Charophyta, Chlorophyta, Phaeophyta, and Rhodophyta (Nemalionaies) 
show no organization and form deposits outside the cell wall. In 
the Cryptonemiales, deposits show some organization with crystals 
• formed in the organic matrix of the cell wall or mucilage. The cell 
seems to have control over the crystal formation process. Baas-
Becking and Galliher (1931) found the cell wall to be non-cellulosic 
with appreciable amounts of pectin-like substances and the individual 
crystals to be a few tenths of a micron long with the c-axis oriented 
perpendicular to the longitudinal axis of the cell-wall fibers. A 
branch of an articulated coralline consists of a core of medullary 
filaments extending from crustose base to branch apex. Branch 
elongation occurs by the elongation and division of apical medullary 
cells which form tiers of calcified units making up the intergenicula. 
At intervals, genicula are developed from uncalcified tiers of cells . 
2 
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which continue to elongate More calcified tiers are then produced at 
the branch apex beyond the intergenicu 	(Colthart and Johansen, 1973). 
The classical hypothesis has been that the deposition of calcium 
carbonate is due to the removal of carbon dioxide from the water 
during photosynthesis. This shifts the equilibrium in the following 
equation to the right. 
Ca 	2HCO3 	› CaCO3 	H20 -I- CO2 
•This simple chemical precipitation due to photosynthesis is not 
adequate to explain the deposition of calcium carbonate. If it was 
sufficient, one might expect all marine algae to have a covering of 
calcium carbonate (Fogg, 1953; Lewin, 1962), and the formation of 
uncalcified genicula would be hard to explain (Lewin, 1962). The 
average ocean water is saturated with calcium carbonate thus allowing 
• 
in the plant a maximum ratio of 8:1 for the weight of calcium 
carbonate to organic carbon. Revelle and Fairbridge (1957) found a 
ratio of 30:1 in Halimeda thus suggesting a metabolic process other 
than photosynthesis. Goreau and Goreau (1959) found that calcification 
rates in corals were increased ninefold in light as opposed to dark, 
and Ikemori (1970) increased calcium-45 uptake in light by two to 
five times over that in the dark using Amphiroa and Corallina. The 
fact that coralline algae can still calcify in darkness also indicates 
that calcification is not a simple precipitation reaction due to 
photosynthesis. Stark et al. (1969) found that both air and carbon 
dioxide enriched air stimulate incorporation of calcium carbonate in 
c. 
Halimeda and therefore suggest that respiration as well as photosyn- 
thesis is involved in the calcification process although to a lesser 
extent. The precipitation of a calcium carbonate skeleton is considered 
to be a two-step process: (1) calcium is bound to a mucoprotein 
fraction during the day and night, but (2) the precipitation reaction 
occurs only in light (Stark et al., 1969). Pearse (1972) suggests 
that precipitation of calcium carbonate may occur in both light and 
dark, but exchange may occur until photosynthetically produced 
organic substances are laid down in the wall and inhibit the exchange 
and/or binding of additional calcium. It has been proposed that 
rather than simply aiding precipitation by raising the pH and the HCO3  
concentration, the processes of photosynthesis and respiration 
supply: (1) energy for ion absorption and transport, (2) carbonate 
for compl xing with the bound calcium, (3) carbon skeletons for 
building protein-binding fractions, (4) and replacing agents. for 
chelates (Stark et al., 1969; Pearse, 1972). The mechanism of 
biological calcification is probably linked to the processes of 
photosynthesis and respiration (Goreau, 1963; Stark et al., 1969; 
Ikemori, 1970; Pearse, 1972; Borawitzka et al., 1973) although the 
actual mechanism is poorly understood. 
Little information has been obtained on the effects of the 
environment on growth and form in articulated Corallinaceae (Colthart 
1973 
and Johnsen, 3r964). Gunter (1957) indicates the importance of 
temperature when he states that it is the most important single 
factor governing the occurence and behavior of life. A change in 
temperature can affect an organism's protoplasm directly as well 
as its physical and biological environment. Goreau (1963) felt that 
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the calcification process in these algae is more sensitive to adverse 
environmental conditions than is photosynthesis, and it is known that 
a seasonal variation in the amount of mineral incrustation exists in 
some articulated corallines (Hass et al., 1935). In respect to 
• precipitation of calcium carbonate an increase in temperature will 
lower the solubility product of calcium carbonate and also the 
solubility of carbon dioxide, thus increasing the carbonate ion 
concentration (Revelle and Fairbridge, 1957). 
The following research was undertaken in an effort to provide 
kilowled„,e about the effect of the environmental parameter, temperature, 
on the biological process of calcification in the coralline algae. 
An articulated coralline alga of the genus Bossiala (Rhodophyta, 
C yptoneminles, Corallinaceae) was chosen for this study because of 
the previous research done on it (Pearse, 1972), its abundance, and 
its size. 
MATERIALS AND METHODS 
COLLECTION AND MAINTENANCE 
• Living specimens of Bossiella orbigniana orbigniana (Decaisne, 
• 1842) [Manza, 1940; Silva, 1957] were collected fresh each day at 
Treasure Island 0.80 km north of Aliso Beach, California, from 
October 1975 to March 1976. Collections were made from depths of 
0.5 to 3 m; temperature readings were taken for each collection, 
and underwater light readings were occasionally taken (Appendix A). 
•. The plants were maintained in natural seawater in an insulated 
container for no more than 4 hours before use. 
CALCIUM-45 LABELING 
The experiments were started at approximately the same time 
. of day (within 1 hour) to minimize any possible •circadian effects. 
Each plant was placed in an acetate holder in a plexiglass vessel 
(Figs. 1 and 2) containing 1 liter of artificial seawater (Instant 
Ocean Synthetic Sea Salts, Aquarium Systems, Inc.). Air was constantly 
bubbled through the water for circulation and maintenance of pH and 
oxygen tension (Goreau, 1959). Light was supplied during all 
experiments by 8 General Electric 20-watt "Deluxe Cool White" 
fluorescent tubes arranged directly above the incubation vessels and 
delivering approximately 2000Juwicm2 as measured with an ISCO Model 
• SR spectroradiometer (Fig. 4). Temperature regulation was provided 
in each incubation vessel by a contact thermometer and a thermo- 
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regulator relay connected to two 100-watt immersion heaters (Fig. 3). 
All preincubations and incubations were carried out in a cold room 
at 0°C. Incubation temperatures were run at 2-degree intervals from 
to 37°C (Table 2), and all experimental temperatures were maintained 
within ± 0.6°C. A one-hour preincubation period allowed the algae to 
acclimatize and reach the experimental temperature. Temperatures 
at the beginning of this preincubation period (17°C) were near the 
average yearly mean sea water temperature (16.4°C) and ended at 
the proposed experimental level. This was followed by a 4-hour 
incubation period which was begun by adding 250 Jac of calcium-45. 
After incubation the algae were washed by dipping consecutively in 
six 500 ml containers of deionized water. Twenty-five first 
(terminal segments) and second segments were removed from each 
plant and placed in 6% sodium hypochlorite (commercial bleach) for 
3 days to remove the tissue (Kolesar, 1973). The remaining calcium 
carbonate skeletons were then washed in distilled water and allowed 
to dry at room temperature. A pH reading was taken on water samples 
from each experimental vessel after incubation using an Orion Research 
Model 601 digital ionalyzer with combination electrode (Appendix A). 
To test inorganic exchange of calcium-45 three different methods 
were used to kill tips before running them through the same experimental 
procedure as living tips. In experimental group R10 the tips were 
placed in 62°C tap water for 45 minutes, in R11 the tips were placed 
in 6% sodium hypochlorite for 3 days, and in R12 the tips were placed 
• in 10% formalin for 4 days. 
ASSAY FOR CALCIUM-45 UPTAKE 
Each terminal segment was placed on a planchet and counted to 
5,000 counts using a gas ionization detector (Nuclear-Chicago 8703 
Decade Scaler and 1042 Automatic Sample Changer). Only the terminal 
segments were assayed for calcium-45 activity, since Pearse (1972) 
found that this segment has the highest rate of weight increase 
which includes both the organic and carbonate fractions. The 
observed activity was corrected for radioactive decay since there 
was a period of several days between the time the isotope was 
assayed and the time the samples were counted. Background counts 
were subtracted from the final count per minute values. Ten segments 
per plant were assayed at a given temperature. 
SIZE DETERMINATIONS 
Measurements of tips were made on a Zeiss Ultraphot II microscope 
equipped with a projection screen. Using incident illumination the 
length and width of each segment (Fig. 5) was measured from its image 
projected on the screen. 
RESULTS 
PATTERNS OF GROWTH AND MINERALIZATION 
In calcification research with corals and other organisms it 
has often been proposed that a common dimension for the expression 
of carbonate deposition be used. A test was done on the dimensions 
of length, width, and area of a circle (approximate surface area of 
a segment) using the General Linear Hypothesis (Afifi and Azen, 1972) 
for correlation with the natural logarithm of counts per. minute. In 
this analysis temperature was used as a design variable and the 
dimensions of length, width, and surface area were tested separately 
as covariates. These results indicate that length (F value 5,2), 
width (F value 7.1), and surface area (F value 2.2) are all significant. 
Length and width have smaller error mean square values indicating that 
these separate dimensions might be better for the expression of 
carbonate deposition. It was decided to express the following results 
in the simpler form of counts per minute per tip because of pre-
liminary tests and since the tips used in these experiments were 
chosen to be approximately the same size. The size range for length 
and width measurements was not great (Figs. 6 and 7). The measurements 
for each tip are given in Appendix B. 
LIGHT INTENSITY 
Light intensity is an important environmental factor influencing 
• .10 • 
growth rate and calcification in coralline algae (Goreau, 1963; *Stark 
et al., 1969; Adey, 1970; Lind, 1970; Pearse, 1972). The light 
intensity used in these experiments is at the lower end of the normal 
range for Bossi'ella orbigniana at the collection site. On a sunny 
day mid-morning light readings at the collection site ranged from 
2,800-5,400 liwicm2 at a depth of 1.8 in to 5,400-6,900 Juw/cmc2 at a 
depth of 0,6 m. On a cloudy day readings ranged from 600-1,100 ..nw/cm2  
at a depth of 3.0 m to 1,300-2,000 Liwicm.2 at a depth of 1.8 m. 
Coralline algae underlie masses of leafy algae in a high turbidity 
zone so they are subjected to low light intensities and a constantly 
changing light pattern. Experimental light intensity was 2,000Aw/cm2  
at the vessel position. The light source approximated the absorption 
and action spectra for photosynthetic pigments in the Rhodophyta -
(Figs. 8 and 9), 
CALCIUM-45 LABELING IN KILLED CONTROLS 
Killed control plants were used to determine calcium-45 uptake 
due to exchange, precipitation, or some other mechanism. Different 
methods were used to kill tips because it was not known exactly what 
effects the killing process has on the algal structure. Tips killed 
by heat probably had the enzyme mechanism destroyed. Tips placed in 
6% sodium hypochlorite had most of the algal tissue removed, whereas, 
those tips placed in 10% formalin had the tissue preserved. Pearse 
(1972) felt that calcium-45 labeling of killed controls might represent 
exchange or even accumulation of calcium by an organic fraction since 
the gradient as found in live branches still persisted. The uptake rates 
of calcium-45 for all three methods used in this study were similar 
11 
with a slight increase in counts with increasing temperature (Fig. 10). 
If these values are considered to be due to a non-living process then 
the values obtained at 3°C and 27-37°C in some series are also within 
the non-living range. 
TEMPERATURE AND CALCIUM UPTAKE RATE 
The average rate of uptake of all the samples which were tested 
the same day as collected (R1, R3-R9) shows a maximum at 17°C (Fig. 11). 
Rates of calcium uptake have a certain degree of scatter which is 
probably due to different rates of growth and measurement for each 
sample. Each point represents an average of ten tips from a single 
. plant, and each temperature within an experiment is represented by 
a different plant. An experiment was done using five different plants 
which were divided in half. Each half was run at two different 
temperatures, 14°C and 17°C. A one-way analysis of variance performed 
on this data shows a significant difference from plant to plant 
(p < 0.01). Replicate experiments were conducted to substantiate 
the optimum temperature range and compensate for the known plant to 
'4 
plant variability (Figs. 12-18). 
A multiple comparisons test--Duncan's New Multiple Range Test 
(Duncan, 1955; Steele and Torrie, 1960)--was used to define the 
significant maxima, i.e., those maxima which result from other than 
• plant and replicate variation. A natural logarithm transformation 
was performed on the counts per minute per tip data as required by 
the statistical programs used. This transformation gave approximately 
• a normal distribution of the data (Fig. 19). 
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Figures 20-26 give the results of this test. A temperature 
range which includes all temperatures immediately to either side 
of the apparent temperature optimum and whose rates are not signifi- 
cantly different from the rate at the apparent optimum can be 
assigned to each maximum. Ranges that do not overlap represent a 
significant difference (p ‹z 0.05). Any two maxima can be assumed to 
be discrete maxima if they are separated from each other by rates that 
are significantly different from these maxima. 
In R3 and R6 the maximum uptake at 17°C is significantly 
different from any other temperatures. In R2 17°C is not significantly 
different from I5°C, 19°C, 21°C, or 27°C. Such a flattening of the 
peak in this run is considered to be due to the conditions under 
which the plants were kept. The plants used in R2 were collected the 
same day as those used in RI and held overnight at 17°C on a 10:14 
light-dark cycle. The depression in uptake rate was considered 
significant therefore plants were collected fresh each day before 






RI 15°C, 17°C, 19°C, 21°C 
R4 ' 	 17°C, 19°C, 21°C, 23°C 
R5 .19°C, 21°C 
R7 I5°C, 17°C, 19°C, 21°C 
R8 	13°C, ---- 17°C, I9°C 
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An average of RI, R3-R9 was calculated (Fig. 27). Using Duncan's New.  
Multiple Range Test the maximum calcification uptake rate at 17°C was 
significantly different from the rate at 15°C, but not from the rates 
at 19°C and 21°C. Based on these results an optimum uptake rate in 
Bossiella orbigniana exists at 17* to 21°C. 
Discrete maxima other than those within the 17-21°C range are 
present in some series (Figs. 20-26). They are probably due to plant 
variability since they do not occur repeatedly at the same temperature 
and are not significant in the averaged data (Fig. 27). Duncan's New 
Multiple Range Test accounts for segment-to-segment variability in 
analyses performed on separate experiments (R1-R9), whereas it accounts 
for plant-to-plant and segment-to-segment variability in the analysis 
performed on the averaged data. 
A correlation and regression analysis was performed on the average 
of data from R1, R3-R9 to test for a linear correlation between temper-
ature and calcification using the natural logarithm of counts per 
minute per tip. 
CORRELATION 	TEMPERATURE 	CORRELATION 	TEMPERATURE 
COEFFICIENT RANGE 	COEFFICIENT RANGE 
	
0.939 	3-17°C 	-0.957 	17-37°C 
0.947 3-19°C -0.945 19-37°C 
0.936 	3-21°C 	-0.924 	21-37°C 
This indicates a significant correlation between temperature and 
calcification rates, and suggests again that an optimum range rather 
than a single temperature optimum for calcium uptake exists. 
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The temperature range at which life processes will continue 
for marine organisms lies between 0°C to 35°C, and the rate is 
approximately doubled by a 10-degree rise in temperature (Gunter, 1957) 
The Q10 is often used in expressing the results of temperature 
experiments and is generally around 2 for most physiological processes 
indicating a dominance of chemical reactions. The calculated Qio's 
for these experiments were in the range of 1.8 to 3.4 for temperatures 
from 3°C to 21°C and in the range of 0.10 to 0.51 for temperatures 
from 17°C to 31°C. The dead control runs gave Q10 values lower than 
2 (Table 2). 
THE pH FACTOR 
When it was discovered that the pH of the artificial sea water 
was higher (8.4 to 8.8) than the pH of normal sea water (7.5 to 8.4) a 
test (R8) was performed using natural sea water from the collection 
site for incubation to see if the results were significantly different. 
The pH readings on the natural sea water were higher (8.4 and 8,5) 
than for normal sea water. A comparison of R8 in natural sea water 
and R9 in artificial sea water started three days later does not 
appear to show any difference in results (Figs. 17 and 18). 
DISCUSSION 
Theeffect of temperature on algae is of ecological and 
physiological importance because the distribution and growth of a 
species is dependent on the biochemical and biophysical mechanisms 
which are affected by temperature. Temperature changes can act both 
directly on the cellular activity and the external environment of an 
organism. Temperature affects the solubility of CO2 and 02 and 
may induce inhibition or acceleration of processes by shifting the . 
equilibria between different reaction sequences with different Q10 
values. Marre (1962) suggests that the biochemical characteristics 
,of the algal proteins govern the effect of temperature. 
-The calcitic fornis of coralline algae contain a wide range of 
magnesium values extending from 7% to almost 30% magnesium carbonate 
(Chave, 1954). Many researchers feel that there is a correlation 
between increasing water temperature and increasing magnesium carbonate 
in coralline algae (Clarke and Wheeler, 1922; Vinogradov, 1953; 
•Chave, 1954). Baas-Becking and Galliher (1931) and Magdefrau (1933) 
conclude that increasing amounts of magnesium in the older parts are 
due to the addition of magnesium post-mortem by an inorganic process. 
Kolesar (1973) found no relation between magnesium carbonate content of 
calcite grown in the laboratory over the temperature range of 13°C 
to 22°C in the genera Caliarthron and Bossiala, but there seemed 
15 
. 	16 
• to be a linear. relationship between mean monthly temperature increases 
.and. the mean magnesium carbonate content from specimens grown in the 
ocean. Kolesar agrees with Moberly (1968) that growth rate possibly 
modified by temperature is the major factor controlling magnesium 
content of algal calcite. 
The. experiments reported in this study do not give a total 
carbonate value since the calcium-45 labeling allows only the calcium 
carbonate to be measured. Because of this and also because of. the 
difficulty in separating the organic matrix from the calcite crystals 
absolute carbonate deposition figures were not calculated. The 
skeletal material of Bossiella contains approximately 12% magnesium 
carbonate. (Chave, 1954; Kolesar, 1973). 
The process of photosynthesis uses CO2, on the other hand the 
• process of respiration produces CO2. The addition. of CO2 to sea 
•water will lower the pH while the removal of CO2 will raise the.pH. 
This offers a possible explanation for the pH values as measured in.  
R8 and R9 (Figs. 28 and 29). The processes of photosynthesis and 
probably calcification were inhibited or stopped completely at these 
• •high temperatures (23-27°C), while the process of respiration 
continued, • thus .releasing CO2 and lowering the pH value. Respiration 
eventually stopped for lack of photosynthetic energy reserves. The • 
increase in pH by 37°C may be attributed to a more rapid cessation in 
respiration due to excessively high temperatures, and bubbling of 
air into the experimental chamber helped raise the pH back toward 
normal. 
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The monthly mean surface water temperature (1965-1969) for the 
study site ranges from 14.0°C to 17.9°C for the months of October to 
May when this study was conducted. The yearly mean for this area 
is 16.4°C With a recorded mean maximum of 21.4°C (Fig. 30). This 
study indicates an optimum uptake rate of calcium occurring over the 
temperature range of 17°C to 21°C (Fig. 27) with 17°C .giving the 
average optimum peak which is close to the yearly mean of 16.4°C. 
This would indicate that maximum calcification in Bossiella orbigniana • 
should occur in Southern California during late spring through 
autumn and minimum calcification" during winter. 
The optimum temperature (Gunter, 1957) allows metabolic processes 
to function at maximum rate consistent with the maintenance of the 
system. The vital optima are not usually sharp but range over several 
degrees as suggested in these experiments by the 17°C to 21°C optimum 
range. 
Kolesar (1973). states that rapid growth occurs during the winter 
months of February to June and slow growth .occurs during the summer 
months of June to September in gailiarthron sp. from Santa Catalina - 
Island, 'California. Haas et al. (1935) found a seasonal variation 
in the amount of mineral incrustation (magnesium carbonate and 
calcium carbonate) in.Coraiiina squamata Ellis. from England. The 
combined carbonate deposition was highest in the winter and lowest in 
the spring. Johansen and Austin (1970) found more rapid thallus 
growth. rates in Calliarthron tuberculosum (Postels et Ruprecht). 
Dawson during the winter and slower growth rates during the summer. 
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Adey (1970) concluded from studying boreal-subarctic Lithothamnieae 
that thallus growth rates would be highest in the spring and lowest in 
the autumn at the same temperature levels. Increased growth rates 
were evident with the raising of the temperature 5-10°C. Colthart 
and Johansen (1973) found their highest thallus growth rates at 12°C 
and 18°C in Corallina officinalis L. from Massachusetts. They 
conclude that maximum growth probably occurs in the late spring or 
autumn. 
Lind (1970) found coralline thallus growth to be optimal at 
approximately I8°C in diffuse light. Decalcified branches of Porolithon 
1qardiner-1 growing in Hawaii were used to study calcium uptake by the 
organic matrix. The strongest binding, resulting in less calcium 
exchange, occurred at 29°C. Uptake of calcium was greatest at 17°C, 
and slow uptake was found at 5°C. She feels that her data strongly 
• parallels the temperature optima of 18°C to 24°C for coccolithophorids. 
Previous experimental data indicates that thallus growth rate in 
coralline algae is most rapid during periods of cool water temperatures 
and low light intensities, whereas, the data from this study indicates 
that calcification rate should be most rapid during periods of warm 
water temperatures. Environmental elements other than temperature are 
also important to growth and calcification rates. During winter 
months environmental factors may favor a rapid increase in thallus 
tissue growth with little calcification; summer months and changing 
environmental factors may bring a decrease in thallus tissue growth 
with increasing calcification rates. 
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• Enzymes appear to he active in calcification. Histochemical 
tests in coralline algae (Lind, 1970) indicated the presence of 
carbonic anhydrase generally distributed in the thallus and associated 
with areas of high metabolic activity. Acid phosphatase occurs 
• throughout the thallus except in the peripheral cells and may be 
correlated with calcification in algae and other organisms. Ikemori 
(1970) found that inhibitors of carbonic anyhdrase cause a marked 
depression in the uptake rate of calcium-45 even in light, and the 
inhibitors of photosynthesis also decrease uptake rate. 
According to Steemann Nielsen (1975), the rates of respiration 
and photosynthesis increase with increasing temperature under strong 
light intensities indicating enzymatic control. Under weak light 
intensities photosynthesis seems to decrease with an increase in 
temperature due to a rise in the rate of respiration that is temp-
erature dependent. The rate of photosynthesis under very weak light 
is not dependent on temperature, and temperature-independent photo-
chemical reactions limit the overall process. 
There is general agreement that the mechanism of biological 
calcification is linked to the processes of photosynthesis and 
• respiration. Perhaps the rates of photosynthesis and respiration 
along with higher nutrient contents during winter months favor 
thallus growth. The rates of photosynthesis and respiration during 
the summer may be optimum for calcium carbonate deposition, and 
under high light intensities carbonate deposition is governed by 
temperature-dependent enzyme mechanisms whose rates are increased 
with increasing temperatures. The fact that Lind (1970) found 
optimum uptake of calcium at 17°C, and the temperature optimum 
20 
for Bossielia orbigniana is I7-21°C might indicate the presence of 
common enzymes with Optimum rates at these temperatures that govern 
the mechansim of calcification in these organisms. 
Pearse (1972) calculated a net uptake rate of calcium per mg 
algae per day in terminal segments under continuous light. A segment 
of Bossiella orbigniana should grow in a little more than a month 
representing a 1.5-2.0 mm increase in length. Pearse ran her 
experiments in a cold room at 10.5°C and higher values than these 
would be expected at optimum temperatures. 
TABLE 1 
Experimental group number and data--inculding experimental date, 









GROUP NO. EXPERIMENT 
	
TEMPERATURE TEMP. RANGE 
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October 29- 
November 5, 1975 	16°C 
October• 30- 
November 6, 1975 	I6°C 
January 21- 










26, 1976 	13.4-13.6°C 
February 29- 































3-17°C 	3.37 	17-31°C 	0.46 
3-19°C 	1.76 	I9-31°C 	0.51 
3-17°C 	2.29 	17-31°C 	0.30 
3-17°C 	2.26 	17-31°C 	0.16 












The (40 values over various temperature ranges in the different 
group experiments. In each case all the experimental temperature 
points within the range given were used as the basis of the Q10 
estimates. Q10 was calculated from the slopes of straight lines--
fitted by the least squares method to temperature-in uptake plots--
of the data given in figs. 10-18 using the following formula: 
in (40= 10 . [In K2 - ln KJ] 	T he natural surface water temperature 
T2 - Tl  






Q10 TEMP. RANGE 	Q10 	TEMPERATURE GROUP NO. 	TEMP, RANGE 
R4 	16-19°C 	10.31 	19-23°C 	1.65 	14°C 
R5 17-21°C 	2.72 	21-25°C 	0.08 14°C 
R6 	9-17°C 	2.12 	17-19°C 	0.04 	13.8°C 
R7 15-19°C 	2.06 	19-23°C 	0.14 13.8°C 
	
Average 	3-17°C 	2.72 	17-37°C 	0.35 
*R10 	5-33°C 	1.33 
*Rll 5-33°C 	1.65 
*R12 	5-33°C 	1.40 
*Killed controls 
R10--62°C for 45 minutes 
R11--6% sodium hypochlorite for 3 days 
R12--10% formalin for 4 days 
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Figure 1. Holder (containing plant of B. orbigniana) used to maintain 
the plants in an upright position during incubation. 
Figure 2. Incubation vessel during an experiment. 
24 
Figure 3. Incubation vessel with temperature regulation system--
from left to right--thermometer, two heaters, and 
contact thermometer. 
Figure 4. Incubation system in cold room. Light source is directly 
above incubation vessels. See text for further details. 
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Figure 5. Terminal segment of B. orbigniana branch showing 
dimensions of length and width as used in measurements. 
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Figure 6. Relationship between length of segments (abscissa) and 
logarithm (natural) of counts per minute (ordinate) 
for all data points. Units of length may be converted 
to mm by dividing by 50. A 1- represents one data point, 
a number represents that number of data points, and a 
letter represents more than 10 data points for a given 
pair of values. 
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Figure 7. Relationship between width of segments (abscissa) and, 
logarithm (natural) of counts per minute (ordinate) 
for all data points. Units of length may be converted 
to mm by dividing by 50. A * represents one data point, 
a number represents that number of data points, and a 
letter represents more than 10 data points for a given 
pair of values. 
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Figure 8. Comparison of the spectral distributions of the sun 
and G.E. "Cool White" fluorescent lamps which are 












(W1/- WD/Mn z A1ISN31 1VeL1D3dS 
   
LO 0 1.0 	Lt) 
0 
T9'N.D3dS 
Figure 9. Absorption and action spectra for pigments in the 
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Figure 10. Relation between incubation temperatures and mean calcium 
uptake in dead controlls of B. orbigniana. Each point 
is based on the mean of ten segments from one plant. 
Error bars represent ±1 standard error of the mean. 
Points with no error bars have a standard error of 2 or 
less. 
Experimental group RIO killed in 62°C tap water for 45 
minutes. 
Experimental group R11 killed in 6% sodium hypochlorite 
for 3 days. 
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Figure 11. Relation between incubation temperatures and mean calcium 
uptake in B. orbigniana. Each point is based on the 
average of the means for experimental groups R1 and 
R3-R9. Error bars represent ±1 standard error of the mean. 
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Figure 12. Relation between incubation temperatures and calcium 
• uptake in B. orbigniana. Each point is based on the• 
average of ten tips from one plant for experimental 
• group RI. Error bars represent ±1 standard error of 
• the mean. A dashed line indicates that no experiments 
were run for these temperatures. A point with no error bar 
has a standard error of 2 or less. 
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Figure 13. Relation between incubation temperatures and calcium 
uptake in experimental group R2. Interpretation of this 
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Figure 14. Relation between incubation temperatures and calcium 
uptake in experimental group R3. Interpretation of 
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Figure 15. Relation between incubation temperatures and calcium 
uptake in experimental groups R4 and R5. Interpretation 
of these graphs are the same as in Fig. 12.• 
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Figure 16. Relation between incubation temperatures and calcium 
uptake in experimental groups R6 and R7. Interpretation 
of these graphs are the same as in Fig. 12. 
R6 0---e 







3 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 
T EMPERATURE (°C 
Figure 17. Relation between incubation temperatures and calcium 
uptake in experimental group R8. Interpretation of 
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Figure 18. Relation between incubation temperatures and calcium 
uptake in experimental group R9. Interpretation of 
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Figure 19. Histogram of the logarithm (natural) of counts per 
minute for all data points. 
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• Figure 21. Results of the application of Duncan's New Multiple 
Range Test in experimental group R2. Graph is based 
on same data as used in Fig. 13. Interpretation of 
this graph is the same as in Fig. 20. Experiments ran 
• from October to November 6, 1975 when ocean water 
temperatures were 16°C. 
Figure 20. Results of the application of Duncan's New Multiple 
Range Test to experimental group Rl. Graph is based 
on the same data as used in Fig. 12. The dashed lines 
• are ranges computed in Duncan's Test. The logarithms 
(natural) of calcium uptake are plotted here because 
they were required in the statistical analysis on 
which the ranges are based. Means not included within 
• the range of a dashed line are significantly different 
(p < 0.05) from the mean through which that dashed line 
passes. Points with no dashed line are significantly 
different from all other points. Experiments ran from 
• October 29 to November 5, 1975 when ocean water 
temperatures were 16°C. 
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Figure 23. Results of the application of Duncan's New Multiple 
Range Test to experimental group R8. Graph is based 
on same data as used in Fig. 17. Interpretation of 
this graph is the same as in Fig. 20. Experiments ran 
from February 24-26, 1976 when ocean water temperatures 
were 13.4-13.6°C. 
Figure 22. Results of the application of Duncan's New Multiple 
Range Test to experimental group R3. Graph is based 
on same data as used in Fig. 14. Interpretation of this 
graph is the same as in Fig. 20. Experiments ran from 
January 21-28, 1976 when ocean water temperatures 
were 13.5-14,0°C. 
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Figure 24-B. Results of the application of Duncan's New Multiple 
Range Test to experimental group R5. 
Figure 24-A. Results of the application of Duncan's New Multiple 
Range Test to experimental group R4. Graph is based 
on the same data as used in Fig. 14. Interpretation 
of this graph is the same as in Fig. 20. , Experiments 
ran from Februray 18-19, 1976 when ocean water temperatures 
were 14°C. 
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Figure 25-B. Results of the application of Duncan's New Multiple 
Range Test to experimental group R7. 
Figure 25-A. Results of the application of Duncan's New Multiple 
Range Test to experimental group R6. Graph is based 
on same data as used in Fig. 16. Interpretation of 
this graph is the same as in Fig. 20. Experiments 












Figure 27. Results of the application of Duncan's New Multiple 
Range Test to points based on the average of the means 
• for experimental groups R1 and R3-R9. This graph is 
• based on the same data as used in Fig. 11. The dashed 
lines are ranges computed in. Duncan's Test. The 
logarithms (natural) of calcium uptake are plotted here 
because they were required in the statistical analysis 
on which the ranges are based. Means not included within 
the range of a dashed line are significantly different 
(p < 0.05) from the mean through which that dashed line 
passes. 
Figure 26. Results of the application of Duncan's New Multiple 
• Range Test to experimental group R9. Graph is based 
• on the same data as used in Fig. 18. Interpretation of 
this graph is the same as in Fig. 20. Experiments ran 
from February 29 to March 8, 1976 when ocean water 
temperatures were 12.9-13.8°C. 
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• Figure 28. Results of pH readings on experimental groups R8 and 
R9. Controls of artificial sea water had pH values 
of 8.6-8.7, and controls of natural sea water had 
pH values of 8.4-8.5. 
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Figure 29. Results of pH readings on experimental groups R10, R11, 
• and R12 (dead controls). Controls of artificial sea 
• water had pH values of 8.7-8.8. 
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Figure 30. Graph of surface water tr..mperatures (1965-1969) for 
Balboa Island, California--near the collection site 
(U. S. Department of Commerce, 1970). 
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APPENDIX A 
UNDERWATER LIGHT MEASUREMENTS 
Light measurements were taken using a meter which consists of 
a silicon photocell and a 50-duamp meter in a plexiglass housing. 
This meter was calibrated to read in nw/cm2 with an ISCO Model SR 
spectroradiometer. 
UNDERWATER TEMPERATURE MEASUREMENTS 
Temperature readings were taken using a thermometer which 
consists of a thermistor probe in a bridge circuit with a 50-liamp 
meter reading from 0° to 50°C and housed in a plexiglass container. 
Temperature readings were also taken using a mercury column 
thermometer with a -20 to 110°C range. 
pH MEASUREMENTS 
The pH values at the experimental temperatures were calculated 
from the measured pH values at room temperature using the following 
formula (Strickland and Parsons, 1968): 
• pHs = pHm 	0((tC 	tmC). 
• If pHs is the original value of the pH of the sample in situ at a 
temperature tC and pHm  is the pH measured in the laboratory at tmC. 
The correction factor pi is given for pHm at the appropriate salinity 
• and chlorinity. 
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APPENDIX B 
This is a listing of the data from this study. It 
includes the experimental temperature, plant number, length in 
mm, width in mm, and logarithm (natural) conversions on the 
counts per minute per tip data.for R1-R9. 
EXPERIMENTAL 
GROUP NUMBER 	PLANT NUMBER 
R1 1-13 
R2 14-26 



































































0.760 	4.57  
0.720 4.84 
c750 	4.62 
4 0770 .43  












0.800 3.64  
.680 
0.880 	5.27  
0.840 5.u.9  
0.80 	5.49 
0.950 4,88  








-1, 8h 1.100 














































































































































































































































































































































































































































































































































































































































































































































































































EMP 	PLANT 4 	LENGTH 	 LN CPM 
1.9 	 22 	• 0.980 
19 22 0.880 
19 	22 	0.780 
19 22 0.660 
19 	22 	 0.800 
21 23 1.060 
21 	23 	0.720 
21 23 1..00 
21 	23 	1.380 
21 2.3 1..300 
2.1 	23 	0.900 
21. 23 0.980 
21 	23 	0.820 
21 2.3 0.780 
2*. ' 	23 	1.060 
27 24 1.050 
27 	2:4 	1.040 
27 24 0.900 
27 	24 	0,860 
27 ,24 0..870 
27 	24 	0.970 
27 24- 1.040 
27 	24 	1,040 
27 24 1.000 
27 	24 	0,1380 
29 25 0.660 
29 	25 	0.860 
29 25 0.620 
29 	25 	0.720 
29 25 0.60 
29 	25 	0,700 
29 25 0.920 
29 	25 	0.760 
29 25 0.830 
29 	25 	0.610 
31 26 0.940 
31 	26 	1.060 
31 26 1.080 
31 	26 	0.870 
31 26 1.010 
31 	26 	1,1.00 
31 26 1.040 





















































































• TEMP 	PLANT g 	LNGih 	WIDTH 	• LN 
	
31 	26 	0.900 	1.060 4-.98 
31 26 0,790 00,620 	•4,16 
3 	27 	0 c5o0 	0.520 3,69 
-,- ..., 27 04,500 0.570 	3,00 
3 	27 	0.540 	0.530 3.56 
3 27 0.690 0.620 	3.71 
-‘,; -, 	27 	0.600 	0.570 3.87 
3 27 0.490 0.560 	3.69 
3 	27 	0,590 	0.630 3.64 
27 0.2630 0,700 	3,95 
-, 	27 	0.580 	0.630 3.53 
27 0.780 0.600 	3.53 
28 	0.680 	0. 6 80 4.51 
28 0.560 0.,640 	5.6%  
28 	0. , 46 0 	0,520 3.71 
28 0.510 0.620 	4.43 
2.8 	0.500 	0.520 4.1.9 
28 0.530 0.620 	4.33 
28 	0.580 	0.690 4.55 
28 0.770 0c700 	4.17 
28 	0.690 	0,680 4,47 
28 0,440 0,580 	4026 
29 	0.430 	0.690 4.29 
29 0.690 0.840 	5.25 
29 	0.700 	0.740 4.2.5 
29 0.608 0,680 	4.34 
29 	0,600 	0.550  
29 0.510 0.58.0 	4.J.:.r3. 
29 	0.58 0.540  
2:9 0.520 	0.600  
29 	0.600 0.640 	4.88 
29 0.580 	0.540 4.63 
30 	0.560 0,540 	3.64 
30 0.560 	0.580 4.:1; 
30 	0.560 0..560 	4.33 
30 0.610 	0.500 4.84 
30 0.540 0.520 	4.77 
30 	0.590 	0,600 4.89 
30 00540. 0.520 	4,58 
30 	0,490 	0.,500 2,94 
30 0.610 0.630 	5.21 
30 	0.460 	0.430 3.91 




























TEMP 	PLANT 0 	LEN 	 LN CPM  
11 	31 	0.540 	0.680 	4.09 
11 31 0.720 0.74-0 .3.99 
1.1, 	31 	0.8. 00 	0.640 
43-:809  11 31 0.:570 04,680 
11 	31 	0.580 	0.680 	34,91 
11 31 0.440 0e600 3.40 
11 	2,1 	0.680 	0.680  
ii. ----q• 0.530 0.640 	4.11 
ii 	31 	0.700 3.85 0.640 
13 32 0,520 	0.560 	5.59 
13 	32 	0.430- 0.460 5.04. 
13 32 0,560 	0,580  
4,4.3 
356 
13 	32 	0.500 0.530 	
, 
13 32 0.540- 	0.560 5.20 
13 	32 	0.630 0.570 	3.33 
13 32 0.610 	0,-,4b0 5.1" 
13 	32 	0480 0.520 	5.01 
13 32 0.400 	0.420 
13 	32 	0.600 0.590 	5.50 
1!: 33 0.400 	0.580 3.87 
15 	33 	0.640 0.710 	4.74 
15 33 0.570 	0, 590  
15 	33 	0.460 0.620 	4.26 
15 33 0,640 	0(.660 4.63 
15 	33 	0.780 0.720 	4,85 
15 33 0.500 	0.600 4.16 
15 	33 	0.600 0.640 	4.56 
15 33 0.4.80 	0.540 3.83 
15 	33 	0.460 0.700 
17 34. 041,580 	0,638 5 
..:'i(1. . 17 	34 	0.380 0.470 
17 34 0.520 	0.580 	5.64 
17 	34 	0.540 0.580 5.67 
17 34 0,500 	0.560 	5.70 
17 	34 	04.580 0.610 5.74 
17 34 0,600 	0,670 	5.81 
17 	34 	0.700 0.640 5.65 
17 34 0.660 	0.620 	5.91 
17 	34 	0.630 0.580 5.71 
19 35 0.630 	0.620 	4.34 
19 	-,c .i.) 	 0,560 0.660 4.74 
19 35 0.720 	0.560 	4,1.62 

















































































































































































































TEMP 	PLANT 	 DTH 	LN CPO 
27 	39 	0.520 
27 39 0.440 
27 	39 	0.540 
29 40 0,650 
29 	40 	0.500 
29 40 0.74 ' 
29 	tir 	0.600 
29 40 0.700 
29 	40 	0,700 
29 40 0,500 
29 	40 	0.640 
29 40 0.500 
29 	40 	0.450 
31 41 0.620 
31 	41 	0.640 
31 41 0.540 
31 	41 	0.620 
31 41 0.620 
31 	41 	0.620 
31 41 0.400 
31 	41 	0.640 
31 41 0.700 
31 	‘4.1 	0.580 
35 42 0.480 
35 	42 	0.650 
35 42 '0.640 
35 	L'.2 	 0.660 
35 42 0.560 
35 	42 	0.660 
35 42 0.580 
35 	4-2 	0.640 
35 42 0e660 
35 	42 	0,680 
37 43 00740 
37 	43 	0.6.60 
37 43 0.610 
37 	43 	0.640 
37 43 0.700 
37 	4 3 	0.450 
37 4 3 0.740 
37 	43 	0.500 
37 43 0.670 













































































1.4•4 	0 0„ 3 9. 0 	0.490 
44 0e41,0 0,560 
- 44 	0.400 	0.570 
44 0.380 0.460 
44, 	.0.38.0. 	0.550 
44 o740 0,580 
44 	0 ,370 	0,540 
44 0.580 0,470 
44 	0.420 	0.490 
44 0.500 0.700 
4,5 - 	0.520 	0.510 
45 0..580 0,6-00 
45 	0570 	0.540 
45 0 0,48 0 00,630 
4.5 	0.480 	0.460 
4.5 0.620 0.640 
45 	0.590 	0,60,0 
45 . 0..480 0,540 
45 	0460 	0.520 
45 '0048 -00660 
46 	0.480 	0..47:0 
46 0..610 0.581 
46. 	0.390 	0.400 
46 0,690 0,960 
45 	0,440 	0.550 
,46 0.880 1,000 
46 	0.500 	0.620 
46 0.510 0,600 
46 	0.500 	0.640 
- 46 0,390 0580 
47 	0,550 	.00,60C) 
47 0,420 0.520 
47 	0.540 	0.600- 
47 0.420 0.540 
47 	0.420 	0.5.60 
47 0.380 00,570 
47 	 00.39.. 	 0 ..„ 4,90 
47 0.740 0.980 
47 	0.440 	0.530 
47 0.520 0.650 
413 	0,.500 	0.580 
48 00,690 0.640 
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21-
21 




























0 .b  't0 
0.750 






































































































































TEMP • 	PLANT 	LENGTH 	WIDTH 	L4 PM 
21 	52 	0.410 
21 52 0.500 
?I 	52 	04.00 
21 52 0,440 
23 	53 	O;580 
23 53 0.540 
23 	53 	0.500 
23 Sq 0.450 
23 	53 	0.360 
23 53 0.600 
23 	53 	0c50 
23 53 0,530 
23 	53 	0.470 
23 53 0.660 
25 	54 	0.480 
z.) -r 54 0.430 
25 	54 	0.520 
25 54 0.540 
2._ 	54 	0.620 
25 , 54 0.460 
25 	54 	04540 
25 54 0.570 
25 	54 	0.460 
25 54 0,600 
27 	55 	0,400 
27 55 0.520 
27 	55 	0.600 
27 55 0.490 
247 	 -,7 0.550 
27 55 	0.620 
27 	55 0.460 
27 55 	0.460 
27 	55 0.800 
27 55 	0.610 
29 	56 0.500 
29 56  
29 	56 	0.470 
29 56 0.500 
29 	56 	0.650 
29 56 0.640 
29 	56 	0.500 
29 56 0.3520 













































































































































































TEMP 	. PL ANT # 
	





























































































































..TEMP- 	PLANT, 41 
	
NGTH 	WIDTH 	LN CPM 
61 	.0-,400: 	0.530 	3.95 
.3 	- 61 0.460 0.540 2,74 
.7- 	. -J 61 	0t,380 	0.420 	3.56 
3 	. 61 0.c20 .0e580 3e76- 
3 61 	0,530. 	0.,590 	3.83 
3. 	61 0.380 0.480 3.81 
3 	- 61 	0.510 	0.600 	4.16 
3 	• . 61 0.520- 0.580 4.20 
r 	• 
,:f 62 	0.440 	0.7,520 	3.64 
. .5 62 0.440 0a540. 3t,,37 -,. 
62 	0,480 	.0.6600 	401 
5 	62 0.630 0.580 3.69 
r- ) 	. 62 	0.540 	0..710 	4.37 
5.. 62 0.520 0.630 4009. 
- 5 	67 	04,590 	0.720 	4.,16, 
r , 	- 62 0,620 0.760 4.069 
5 	. 62 	0,540 	0.,,660 	4.62 
.5 62 0.450 . 0.520 3,;61 
7 	63 	0.440 	0.680 	4.0.56 . 
.. 7 63. 0-.500. 0.930 3.61• 
7' 	6- 	0.41-60 	.0,920 	3.99 
7 	. 63 0.480 . 0,600  
7 63 	0.490 	0.910 	4,39 
- 7 	63 0.480 0.78u 4,41 
- 7 63 	0.500 	1.740 	3.83 
7 	63 0.420 0.500 4.30 
7 --;:./. 00. 450 	0.600 	.4.45 
7 	'..,-3 	0..460 0,600 4,39 
9. 64 0,420 	0,860 	4.16 
9 	64 	 0.910 . 0.940 4c54 
9 64 0.490 	0.540 	4.87 
9 	64 	0.480 0.530 4,67  
9 64 0c600. 	0.590  
9 	64 	 0,1+00 0.490 	4.-38 
9 64 0.550 	0,580 4,22 
9 	.64 	0..440 0..560 	34,64 
9 64 0.400 	0.620 5.07 
9 	64 	0.540 0.610 	4.55 
11 65 0.500 	0.670 4.90 
11 	65 	0c420 0.520  
-11 65 0v.440 	.0,580- 	4.85 
11 	65 	0,400 0.470 4,37 
- 11 65 0.510 	0.540 	4.85 
93 




































































































































































TEYP 	PL ANT # 	LENGTH WIDTH 	LN LPM 
19 	69 	0.400 	0.560 	5.73 
19 69 0,56 0./490 .5..25 
21 	70 	06,4C0 	0.470 	5.38 
21 70 0,460 0,720 5,62 
21 	70 	0.500 	0.540  
2.1 70. 0420 0.540 	5.24 
21 	10 	0.4.00 	0.490 5.40 
21 70 0.440 0,540 	5,35 
21 	70. 	0,400 	0,550 5.20 
21 70 0,480 0,660  
21 	70 	0.400 	0.560 	5.68 
21 70 0.400 0.490 5.42 
23 	71 	0..720 	0.860 	4.89 
23 71 0,740 0U80 5,25 
23 	71 	0.h40 	0,660 	4 , 90: 
23 11 0,800 0,960: 5,1„7 
23 	71 	0.780 	0.940 	5.21 
21 71 0.620 0.780 5.20 
23 	71 	0.560 	0.820s 	4.98 
21 71 0...680 0,980 4.92 
23 	71 	0,720 	0.920 	5.219 
23 71 0.700 0.900 5,26 
• 25 	72 	0.440 	04590 	4.51 
• 25 72 0.kbO 0.610 4.65 
25 	72 	0.440 	0.610 	4.64 
25 72 0.420 0.560 4.45 
25 	72 	0,430 	0.630 	4.74 
25 72 0,480 0,580 4c96 
25 	72 	0.460 	0.620 	44„99' 
2.5 72 0,3r0 0.540  
25 	72 	0.500 	0.670 	5.00; 
25 72 0.440 0.600 4.65 
27 	73 	0,400 	0.:590 	4.,22 
27 73 0,850 0,620 4,30 
27 	73: 	0.520 	0.660 	4,49 
27 73 0.480 0.670 4.28 
2.7 	73 	0.440 	0.650 	4.36 
27 73 0.350 0,520  
27 	73 	0 .410 	0,640 	4.22 
27 73 0,400 0,580 4c09 
27 	73 	0.400 • 	0.620 	4,42 
27 73 0.4.50 0.590 4.29 
29 	74 	0.440 	0.520 	3.00 
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TEMP 	PLANT 	# LENGTi 	WIDTH 	LN C PM 
• 74 	0.440 	0.540 	2.4 
74 04.520 0.600 3,69 
74 	0.450. 	0.540 	3.22 
74 0.400 0.500 2,94 
74 	0,480 	0,560 	3.64 
74 0480 0.590 3.47 
- 74 	0..490 	04,630 	3.53 
74 0.520 0.64+0 3.89 
74 	0,480 	0.570 	3.64 
. 75 0.500 0.510 3,53 
75 	00480. 	0.370 	3..26 
: 75 0.020 0.620 3,95 
75 	0,500 	0.610 	3.6.6. 
75 0.5.10 0,54-0 3..58 
75. 	0.450 	0.580  
75 1.590 0.760 	4.16 
75 	. 0:560 	0.640 3.71. 
75 . -0 c 600 0,.620 	3tEr3 
7.5 	0.560 	0,,560. 3.56 
76 ,:•.46.0 0,580 	3...61 
. 76 	0.50,0 	0..670 3...,11 
76 . 0 .460 O. .600 	3.50: 
76 	-0 c420 	0,560 3,33 
76 ,0,520 0.6i( 	3.69 
76 	0,440 	0.6E0 3,6... 
76 0.480 0.610 	3.50 
76 	,0 .490 	0.580 3.43 
to 0,440 0.5:80 	3.40 
76- 	0.500 	0.6.00 3611 
.77. 0.480 -0.b30 	4.49 
.77 	0.460 	0,590 4.49 
77 0.440 0.640 	4..54 
77 	.0 . 52.0 	0; . 680 2.30. 
77 0.450. 0.560 	4.5-5 
77 	0,380- 	0.540 4.39 
77 0,520 0 . 580  
77 . 	0.520 	0.7-40 	3,47 
Ti?' 0.52:0. 0.590 4060 
: 77 	0.470 	0..55 47 	4..54 
78 0.420 0.540 3.40 
.78 	0.420 	0,540 	3.40 
78 0.5O 00,640 3.8.3 












































TEMP 	PLANT 	 WIDTH 	LN OEM 
'0520 












79 . 0,520 
79 	0.500 
79 0.420 
80 	. 0.480 
80 0.370 
80. 	0.0,600 





















32 	 0.520 
82 0.500 

























































































































TEMP 	PLANT # 	LENGTH 	DTH 	LN CP 
21 	82 	0.30 	0.640 	5.95 
21 62. 0.4?-60 0.660 6.17 
21 	82 	0.490 	0.600 	5.90 
23 83 0,450 0,600 6.0 
23 	,.: ;i 	06,460 	0,540 	5 .,. 5f..: 
23 83 0,530 0,660 56,90 
23 	83 	0.430 	0.530. 	5.17 
0.600 0.720 6.04 
23 	83 	0.420 	0.530 	5.66 
23 83 0.420 0,540,-, 558 
06,510 	C6,680  
23 	83 	0.510 0.61.0 	5,94 
23 63 0.42.0 	0.540 5.75 
15 	84 	0.380 0.500 	5.46 
15 84 0,300 	0,440 5.16 
15 	84 	0.440 0.600 	56,79 
15 6 . 0 ., 440 	0.,580 5.... 
15 	84 	0.360 0.440 	5.07" 
15 64 0.4-30 	0.540 , 5.5 
15 	84 	0.470 0.610 	5.68 
15 84 0,t0 	06-680 5.78 
15 	84 	06,420 0,620 	5.42 
15 84 0.280 	0,400 4,97 
17 	85 	0.440 0.560 	5,46 
17 85 ().60 	0.980 5.71 
17 	85 	0.330 0.430 	4.71 
17 85 0.940 	0.980 5,30 
17 	85 	0,380 0.550. 
17 85 0,340 	0.,420 	4.38 
17 	85 	0.430 0.470  
17 65 0.460 	0.540 	5.05 
17 	65 	0.360 0.580 4.79 
17 85 0,420 	0,530 	4.71. 
19 	86 	0,450 06,490 5.58 
19 86 0.330 	0,440 	504+6 
1."' 	86 	0.420 0.480  
19 e 0.380 	0.330 	5.00 
19 	86 	0.360 0.440 5.41 
19 86 0.470 	0.540 	5.71 
19 	86 	0.440 06,530 5.90 
19 86 0.430 	06,380 	50:08 
19 	86 	0.420 0.440 5.19 
19 $6 0.380 	0.520 	5.61 
98 
TEMP 	PLANT 31 	LEEN:Grh 	WIDTH 	LN CPti 
	
21 	87 	0.430 
21 87 0.440 
21 	87 	0 (.4-bti,t 
21 87 0.400 
21 	fri 	0.520 
21 87 0.-4480 
21 	E7 	0.420 
21 87 0.4 cs 0 
21 	87 	O€'70 
21 87 0.380 
23 	88 	0.460 
23 88 0.370 
23 	88 	0.430 
23 88 0.520 
23 	88 	0.380 
23 88 0.370 
23 	88 	0.370 
21 88 0.'+00 
23 	E8 	0.370 
-) 86 0.360 -, 
25 	89 	0.440 
25 89 0.380 
25 	59 	0.390 
25 89 0 .440 
25 	39 	0.390 
25 89 0.420 
7 ,1'.. 	69 	0.300 
25 59 0.400 
25 	39 	0.380 
25 39 0.430 
9 	90 	04,410 
9 clo 0.540 
9 	90 	0.750 
9 90 0.4.180 
9 	90 	0.410 
9 90 0,370 
9 	90 	0.560 
0 SO 0.440 , 90 	0 .480 
9 	90 0.-360 
il 91 	0.440 
11 	91 0.20 
































































4 .81  
4-tc -71-4 
.1"\ 
4 • 9 2 
tc 0 
4.78 






























































































































































































































E 	PLANT fr 	LENGTH 	WIDTH 	LW 
	
19 	95 	0.500 	0.o20 
19 95 0..480 0.620 
19 	95 	0..360 	0,480 
19 95 G400 0.600 
15 	96 	0.420 	0 c540 
15 96. 0..520 0.660 
15 	96 	0.360 	0.550 
. 15 96 0.b80 0,660 
15 	96 	0,670 	0.,620 
15 96 0.64( 0.,670 
15 	96 	.0.520 	0.630 
15. 96 0 . 56r0 0.5130 
15 	96 , 	0.780 	0.670 
15 96 0,660 0.740 
.17 	97. 	058O 	0.580 
17 97 0,500 0,600 
17 	97 	0.360 	0.5.60 
17 97 0.540 0..600 
17 	97 	0.480 	0.640 
17 97 0.480 0,740i 
17 	97 	"Q,440 	0.540 
17 97. 0 , 560 0c,670 
1.7 	9.7, 0.520 	0.640 
17 97 	0.4210 0.62.0 
19 	98 0.490 	0.620 
19 98 	0.th0 0..660 
19 	98 0,+5CJ 	0 ...5 --..0 
1 9 co 8 	0.520 0,620 
19 	98 0.500 	0.600 
19 98 	0.540 0.580 
19 	98 0,500 	'0.64.0 19 98 	0,700 0.620 
19 	98 0,610 	0.660 
19 98 	0.590 0.460 
21 	99 0.440 	0.630 
21 99 	0.400 0.540 
21 	99 0.720 	1.020 
21 99 	0.520 0.62.0 
21 	99 0,460 	 0,600 
21 99 	0.380 0,540 
21: 	99 0.460 	0.620 
21 99 	0.540 0.720 








































AfEHNIER liADGLIFFE. MEMORIAL LIBRA 
LOMA LINDA UNIVERSITY 
LOMA LINDA, CALIFORNIA 
TEMP 	PLANT 	LENGTH 
	







05  6() 
	5 84 














0 500 	4,81 
















23 100 0.500 0.660 5.35 
	
100 	0 .,)80 
	
04,640 
	
54,11 
J 
